Harmonics in voltages and currents comes from the daily equipments used in homes, industrial facility and offices. Any devices with non-linear characteristics may be injecting back harmful harmonic currents and voltages into the electrical system. Power Quality has become a factor in our life and Harmonics may affect the whole electrical environment and it can further degrade the power quality. In order to design harmonic filters to maintain power quality, the evaluation of harmonic distortion should provide an accurate measure of power system harmonics and exact characteristics of the voltage and current waveforms. This paper presents an enhanced measurement scheme for identification and tracking of harmonics in power system. The proposed technique is not limited to stationary waveforms, but can also estimate harmonics in waveforms with time-varying amplitudes. The paper compares the results obtained from Fast Fourier transform with results obtained by Real Coded Genetic Algorithm (RCGA), which is a technique for optimization inspired by genetics and natural evolution. The algorithm was tested using simulated data. The effects of sampling rate studied. Results are reported and discussed.
INTRODUCTION frequency.
In fact, the fundamental frequency is the line frequency The difficulty in tracking and measuring harmonics of the power system and the frequency resolution is the comes from the fact that harmonic generating sources are reciprocal of the sampling length of time. The sampling dynamic in nature. As power semiconductors are switched frequency (fs) is equal to the number of samples multiplied on and off at different points on each cycle, damped by the frequency resolution defined in the application.
transients are generated. When a fault happens on a When the above mentioned assumptions are satisfied, the transmission line, radical changes occur in the current and results of the FFT are accurate. There are three major voltage waveforms. The magnitudes and phases of the pitfalls in the application of FFT, namely aliasing, leakage, fundamental frequency current and voltage signals are and the picket-fence effect [2, 3] . "Aliasing" is the badly corrupted by noise, in the form of a DC offset as phenomenon due to which high frequency components of well as frequencies above fundamental frequency [1] .
time function can translate into low frequencies if the
The classical Fourier transform is the mechanism by sampling rate is too low. The term "leakage" refers to the whiche dcomposethesignal ransform find its haronic b apparent spreading of energy from one frequency into which we decompose the signal to find its harmonic adjacent ones. For the FFT algorithm to be applied, the content. We use The Fast Fourier Transform (FFT) to third assumption must be satisfied to avoid "leakage". obtain voltage and current frequency spectra from discrete However, the fundamental frequencies of the current and time samples. However, misapplication of the FFT the voltage in power system may not be exactly their algorithm may lead to incorrect results. The FFT algorithm nominal values. Moreover, there is always uncertainty in has been applied successfully in power system harmonic determining the actual fundamental frequency in the power measurements and analysis. However, there are several system waveforms. The sampling rate of data acquisition basic assumptions embodied in the application of FFT for and the sampling data are usually set at fixed numbers. If harmonic analysis. These assumptions are [2, 3] : the truncation interval is not an integer multiple of the * The signal is stationary (constant in period of the fundamental, the so-called "spectral leakage" magnitude) and periodic. will occur since the sampled sequence will not be truncated exactly at the end of a cycle [4, 5] . In this case, the FFT * The sampling frequency is greater than twice algorithm will lead to incorrect results. The window the highest frequency to be evaluated.
techniques can be applied to the sampling data for reducing
The number of periods sampled needs to be an the spectral "leakage" in the FFT of such a sampled waveform [5] . The "picket-fence effect" occurs if the integer.
analyzed waveform includes a frequency which is not one * Only integer multiples of the fundamental of the discrete harmonics of the fundamental. Since the frequency are taken into account in the FFT is discrete, only the amplitudes of frequencies that fall harmonic survey. Therefore, the waveform exactly on these discrete points in the frequency domain must not contain frequencies that are not are calculated exactly. Therefore, transients caused by dynamic loads can affect the accuracy of the magnitudes of the fundamental system frequency. In order to obtain an each harmonic. approximation of such waves, mathematical models are In this paper the Real Coded Genetic Algorithm employed. Consider a voltage waveform with harmonic (RCGA), which is an optimization technique inspired by components, written as Equation (2) (FFT) . The only restriction on the number of optimization problems by imitating genetic processes and points using FFT is the number of points in the series the theory of evolution [9] [10] [11] . Solutions from a which ideally it should be a power of 2. The computation population are used to form a new population. This is time for FFT is proportional to N log 2(N), Where N is motivated by the hope that the new population will be the number of points in the series [6] . The basic idea is to better than the old one. Solutions that will form new break up a transform of length N into two transforms of solutions are selected according to their fitness: the more length N12 using the identity of: suitable they are, the more chances they have to 
